The World Health Organization (WHO) estimates that approximately 2 billion people worldwide have already had contact with hepatitis B virus (HBV) and 373 million have become chronic carriers. Hepatitis B is a major cause of chronic hepatitis, cirrhosis and hepatocellular carcinoma, leading to a large number of deaths annually. Both viral factors and the host immune response have been implicated in the pathogenesis and clinical result of HBV infection. Many Brazilian cities, including the cities of the northern region of the state of Espírito Santo are located in regions with little health infrastructure. Our study performed an epidemiological analysis of cases of Hepatitis B in São Mateus, using methodology of Geographic Information System (GIS), aiming to raise the number of disease cases, establishing preventive measures to control the disease, improving the quality of life of people affected by this pathology. The city of São Mateus had the largest number of reported cases of hepatitis B northern region of Espírito Santo. The age group with the highest number of hepatitis B notifications was 20-49 years, mostly females. The major forms of contact with HBV in these cities were dental treatment, use of injectable medications, surgical procedures and multiple sexual partners.
The hepatitis B virus (HBV) is considered a prototype member of the family Hepadnaviridae which is incorporated by DNA viruses with liver tropism (Marion 1988) . HBV is a major cause of infection in humans and it can cause acute and chronic hepatitis, cirrhosis, liver disease and hepatocellular carcinoma cell (Ganem and Prince 2004) .
HBV transmission can occur through cuts (skin and mucosa), sexual contact, needles or other contaminated instruments, injecting drug use, blood transfusion, dental procedures or vertical transmission (through the placenta, at birth or during breastfeeding) (Ferreira and Silveira 2004) . ANDRé M. FONTES, JULIANA S. ARDISSON, MARCO A.A. SOUzA, RODRIGO R. FREITAS and JOãO A.T. PANCOTO Currently, it is estimated that about 2 billion people have had contact with HBV, and of this number, approximately 373 million people have become chronic carriers of the disease (WHO 2014) .
The prevalence of hepatitis B varies from region to region in the world and can be classified as areas of high prevalence (> 8%), intermediate (2-8%) or low incidence (< 2%) (WHO 2014). In South America, for example, the prevalence varies between 2% and 8% (Fathimoghaddam et al. 2011) .
In Brazil, at least 15% of the population has, at some point, had contact with HBV and about 1% has chronic hepatitis B (Ferreira and Silveira 2004) . The highest prevalence of HBV in Brazil is in the Amazon River basin (Torres 1996) , but other regions, such as part of Espírito Santo and the western cities of Paraná and Santa Catarina, also have a high prevalence (Souto 1999).
Geoprocessing, a set of tools used to manage spatial information, can be applied to further clarify some epidemiological issues of HBV infection, as full details of actions and their consequences to public health can be obtained (Barcellos et al. 2008) .
In addition, data from the Notifiable Diseases Information System (SINAN) can be used to study georeferencing. For example, Skaba et al. (2004) reviewed the addresses stored in the system in order to offer viable alternatives to the Geographic Information System (GIS) and thus contribute to viability, in country, of spatial analysis in health micro-areas such as the northern region of the Espírito Santo.
The cities in the northern region of the Espírito Santo are located in regions with irregular distribution of health services. In particular, the city of São Mateus has only a small referral hospital to serve the city and other nearby towns.
This study aimed to clarify the latest information on hepatitis B using an epidemiological survey of confirmed cases of hepatitis B and georeferencing in the city of São Mateus and the cities that are part of the northern region of the Espírito Santo. Information on individuals diagnosed with hepatitis B and treated at the Testing and Counseling Center (CTA) of the São Mateus health department were obtained from the Regional Office of County Health which provided access to the SINAN database.
MAtEriAlS And MEtHodS

This
Data of the SINAN database were compiled in Microsoft Excel 2013 and converted to proportion of total population in each city. The compiled data were subjected to statistical analysis in the statistical software Primer and the results were grouped by similarity.
To identify clusters of HBV we used hierarchical clustering similarity (Cluster) using the BrayCurtis similarity index (Clarke and Warwick 1994) and non-metric multidimensional scaling (MDS). The hierarchical clustering linked the samples by their associations producing a dendrogram and a graph. The smaller the distance between the points, the greater the similarity between the samples (Moita Neto and Moita 1998). Another statistical test used was two-way ANOVA using Graphpad Prism software (version 1.5 CA, USA, 2000) . To compare groups and other variables. These analyses were considered statistically different at p < 0.05.
EPIDEMIOLOGY OF HEPATITIS B IN ESPÍRITO SANTO, BRAzIL 1551 rESultS
The cities of São Mateus, Pedro Canário and Jaguaré, had proportionally the largest numbers of reported cases of HBV infection in the period 2007 to 2013 (Figure 1 ). Similarity analysis showed that in 2009 the number of cases was significantly different from other years. In 2009 there was a similarity of only 40% with the other cities (Figure 2a ). In 2013, there was a marked reduction in the number of cases, as evidenced by similarity of only 60% with other years (Figure 2a) . Similarity of 80% of cases of hepatitis B in all analyzed cities was observed in the years 2007, 2008, 2010, 2011 and 2012 .
The cities of São Mateus, Pedro Canário and Jaguaré had the highest numbers of reported cases of hepatitis B during the study period. The city of São Mateus showed only 20% similarity with the other cities, and Pedro Canário and Jaguaré showed 80% similarity (Figure 2b) .
The city of São Mateus had significantly more notifications than Jaguaré and Pedro Canário (p < 0.03) in the period 2009-2013. The cities of Jaguaré and Pedro Canário were also tested, however, statistically significant differences were found between the reports of numbers during the study period (Figure 3a) .
When stratified by age, the 30-59 years age group were responsible for most hepatitis B notifications but there were no statistical differences between the cities of Jaguaré and Pedro Canário. However, in São Mateus there was a statistically significant difference compared with Jaguaré and Pedro Canário (p < 0.0017) (Figure 3b ). Considering the three cities that had the highest numbers of cases of hepatitis B and gender (male and female), there were no significant differences between the cities of Pedro Canário and Jaguaré, however, similar to the analysis by age group, we found a statistically significant difference by gender between São Mateus and the other cities tested, p < 0.01 (Figure 4) .
Finally, as the route of contact of individuals with HBV, it was found that the city of São Mateus has no similarity between the other cities in the northern region and the possible ways of transmission of hepatitis B. As seen in Figure 5 , the main forms of contact with HBV were through the use of injectable drugs and dental treatment, with approximately 95% similarity between them and through sexual and household contact with another carrier of HBV, with approximately 90% of similarity between them. Moreover, the form of contact with HBV in hemodialysis showed little similarity with other forms of contact, with only about 20%.
diScuSSion
There are few studies regarding hepatitis B in Brazil and those that do exist refer to specific groups rather than the population in general (Ferreira and Silveira 2004) . Espírito Santo is no different, so we did an epidemiological study to remedy the deficiency in studies of the disease in the north of the state.
Of all cities in the northern region of the state, three cities São Mateus, Pedro Canário and Jaguaré Even after converting numbers to proportions, the city of São Mateus had much higher incidence of hepatitis B than other cities (20% similarity). This may be because São Mateus hosts one of the headquarters of the Regional Health Superintendent of the State Health Secretariat of Espírito Santo and is considered a center of health administration in the north, as it performs all the dedicated care of the HBV cases from other cities.
The discrepancy between São Mateus and other cities may also be related to the fact the city has a blood bank. According to a study by Costa et al. (2012) , all Brazilian regions with blood banks had a higher average rate of detection of hepatitis B than areas without this service because of greater access to laboratory diagnostics.
The greatest number of notifications was in the age group 30-59 years in the cities that had the highest number of cases, with 80% similarity between years. A study on the hepatitis B detection rate by age group and gender in Brazil and in the Southeast also found that the greatest number of cases occurred in the 30-59 year age group (Brasil 2012) . Costa et al. (2012) observed that the age group most affected with hepatitis B varied by gender in Brazil, with greatest incidence in males aged 40-69 years and in women aged 15-39 years. These age groups are more likely to get hepatitis B because these age groups often have a lifestyle that has a high risk of transmission of HBV, particularly with respect to sexual activity and the number of partners (Chávez et al. 2003) . Furthermore, the detection of hepatitis B between the ages of 1 and 14 years in Brazil has decreased possibly due to the inclusion of the vaccine against HBV in the calendar of the National Immunization Program in 1997 (Brasil 2012) .
Our study of the northern state of Espírito Santo also analyzed the number of notifications of hepatitis B stratified by gender in the three cities with the highest number of cases. In these cities females had higher rates of hepatitis B notification than males, which clashes with national data in which males were responsible for the largest incidence of the disease in Brazil (Brasil 2012) . Previously, Clemens et al. (2000) found that the difference between the genders was not significant in Brazil and in the Southeast. However, in our study, a significant difference was found (p < 0.0106) when comparing the city of São Mateus (highest number of notifications) with the cities of Pedro Canário and Jaguaré.
The main forms of contact with the virus in our study were through the use of injectable drugs and dental treatment, with approximately 95% similarity between them and the sexual way and the household contact with another with HBV, with approximately 90% of similarity between them. Moreover, the form of contact with HBV in hemodialysis showed little similarity with other forms of contact, with only about 20%.
In contrast to our results, a study by Brasil et al. (2003) demonstrated that of the total population studied in the state of Amazônia, 24.6% reported exposure to endemic area and 15.5% had percutaneous exposure before infection with HBV.
concluSionS
The city of São Mateus has the largest number of reported cases of hepatitis B in the northern region of Espírito Santo. The highest rates of notification of hepatitis B in the study area were in the age group 20-49 years, mostly females. The predominance of notifications in females is possibly because women tend to seek more health services, thus enabling diagnosis. The main forms of contact with HBV were dental treatment, use of injectable medications, surgical procedures and multiple sexual partners. Thus, we conclude that there is an impairment in quality of life of the population under study, exposing them to hepatitis B and other diseases.
